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(57) ABSTRACT

A load control system has a plurality of drivers provided
correspondingly to a plurality of load driving elements in
order to control driving of the respective load driving ele-
ments for driving loads. Each of the plurality of drivers
includes a control unit that controls the load driving element
directly associated with a subject driver. The respective driv-
ers are electrically connected to one another so that a mutual
control communication state, in which the control unit of the
subject driver can transmit to the control units of all or a
portion of target drivers of other drivers excluding the subject
driver a command signal for controlling the driving of a load
driving element directly associated with the all or the portion
of target drivers, is created in the load control system.
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1
LOAD CONTROL SYSTEM AND LOAD
DRIVING SYSTEM

TECHNICAL FIELD

The present invention relates to a load control system for
controlling a load driving element for driving loads.

BACKGROUND ART

According to a general form of controlling an actuator for
driving loads, a controller transmits a driving command to a
driver corresponding to the actuator and the driver controls
the driving of the actuator according to the command. How-
ever, in such an actuator driving form, controllers are dis-
posed in respective actuators, and a control program for the
actuator is set in each controller. Thus, the more the number of
actuators to be driven, the larger the labor paid to establish-
ment of the control system.

Thus, a technique for establishing a system for controlling
the driving of a plurality of actuators has been developed. For
example, in a system disclosed in Patent Document 1, intel-
ligent motors (controller-integrated motors) are connected in
series, and an uppermost intelligent motor is connected to a
control unit that can connect to an external network. The
system is configured such that the uppermost intelligent
motor serves as a master motor to receive control information
on the subject motor and the other motors from the control
unit, and the control information can be transmitted to the
other motors via series-connected signal lines. This system
includes a “unit control mode” in which the control unit
directly controls the master motor and indirectly controls the
other motors with the aid of the master motor and a “self-
control mode” in which the respective motors other than the
master motor is operated by the master motor in a state where
the control unit is separated from the master motor.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Publica-
tion No. 2004-72870

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In a conventional system for controlling the driving of a
plurality of actuators, controllers for controlling actuators
and drivers of motors which are the actuators are integrated
with the motors to form intelligent motors, and the intelligent
motors are connected in series. In the system configured in
this manner, an intelligent motor located on the uppermost
stream within the series connection serves as a controller (that
is, a master controller) for controlling the entire system. Thus,
although controllers are not disposed in respective actuators,
since the master controller is substantially disposed, the con-
trol program for the entire system set in the master controller
may be complex and enormous. Due to this, from the per-
spective of control of actuators, the labor required for system
establishment is still too large as in the conventional tech-
nique.

Moreover, when driving of a plurality of actuators is con-
trolled, it may be requested to change the system configura-
tion flexibly according to the driving purpose. However, in the
conventional control system, it is necessary to change the
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program included in the master controller that controls the
entire system. It can be said that the conventional system
requires a lot of labor for the change and lacks flexibility.

The present invention has been made in view of the above
problems, and an object of the present invention is to provide
a load control system capable of facilitating establishment of
the control system when controlling a plurality ofload driving
elements such as actuators for driving loads.

Means for Solving the Problems

In the present invention, in order to solve the problems,
control units are provided in respective drivers for driving
load driving elements, and a mutual control communication
state is created in the mutual communication between the
control units so that the driving of the load driving elements
directly associated with the respective drivers can be con-
trolled according to a command signal from other control
units. With this system configuration, the driving control of
the load driving elements can be distributed to the respective
drivers. Thus, it is possible to simplify the system configura-
tion.

Specifically, the present invention provides a load control
system comprising a plurality of drivers provided corre-
spondingly to a plurality of load driving elements in order to
control driving of the respective load driving elements for
driving loads, wherein each of the plurality of drivers includes
a control unit that controls the load driving element directly
associated with a subject driver.

Moreover, the respective drivers are electrically connected
to one another so that a mutual control communication state,
in which the control unit of the subject driver can transmit to
the control units of all or a portion of target drivers of other
drivers excluding the subject driver a command signal for
controlling the driving of a load driving element directly
associated with the all or the portion of target drivers, is
created in the load control system.

In the load control system according to the present inven-
tion, a plurality of drivers is provided correspondingly to a
plurality of load driving elements, and control units for con-
trolling the load driving elements directly associated with the
drivers are provided in the respective drivers. The load driving
elements mentioned herein are control objects electrically
connected for driving loads, and examples thereof include an
actuator such as a motor that is controlled to apply force
directly to a load and a sensor that acquires information
necessary for the control. Moreover, “directly associated”
means that one driver is subjected to allocation in the first
place to allow the driver to control the driving of the load
driving element while the load driving element can be con-
trolled also based on a command from another driver and it
does not mean that the driver is dedicatedly used for control-
ling the driving of the load driving element. That is, means
that the control of the driving of the load driving element by
the target driver is expressed by the term “directly”, taking
into account the abovementioned control of the driving of the
load driving element by the target driver in the mutual control
communication state.

Here, in the load control system, the mutual control com-
munication state is created between the plurality of drivers. In
this mutual control communication state, a driving control
command signal for the load driving element directly associ-
ated with the subject driver is transmitted from the other target
driver to the respective drivers, the subject driver having
received the command signal controls the driving of the load
driving element according to the content of the command.
That is, although the direct driving control is performed by the
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subject driver, the command signal for the control content is
output from the other target driver other than the subject
driver. As a result, in the load control system, the driving
control of the entire system is not concentrated to one site but
is distributed to a driver group including a subject driver and
a target driver. Thus, it is possible to suppress a program for
controlling the driving of the entire system from becoming
too big and to facilitate system establishment such as editing
of programs.

Effects of the Invention

It is possible to provide a load control system which facili-
tates the establishment of the control system when controlling
a plurality of load driving elements such as actuators for
driving loads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a schematic configuration
of'a load control system and a load driving system according
to an embodiment of the present invention.

FIG. 2A is a functional block diagram illustrating the func-
tions of a driver included in the load control system illustrated
in FIG. 1.

FIG. 2B is a functional block diagram illustrating the func-
tions of a script rewriting device included in the load control
system illustrated in FIG. 1.

FIG. 3 is a diagram illustrating the flow of an actuator
control operation performed by the load control system illus-
trated in FIG. 1.

FIG. 4 is a diagram illustrating an editor screen serving as
a script editor interface, displayed on a script rewriting device
included in the load control system illustrated in FIG. 1.

FIG. 5 is a diagram illustrating an editor screen serving as
a point table editor interface, displayed on a script rewriting
device included in the load control system illustrated in FIG.
1.

FIG. 6 is a diagram illustrating a schematic configuration
of a robot to which the load control system according to an
embodiment of the present invention is applied.

FIG. 7 is a diagram illustrating a connection state between
drivers, in the robot illustrated in FIG. 6.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, a specific embodiment of the present invention
will be described with reference to the drawings. It should be
noted that dimensions, materials, shapes, relative arrange-
ment, and the like of constituent components described in the
present embodiment do not restrict the technical scope of the
present invention unless otherwise particularly stated.

First Embodiment

Anembodiment of the load control system according to the
present invention will be described based on the accompany-
ing drawings of the present specification. The load control
system is a system for controlling a plurality of actuators or
sensors for driving loads. A load control system 1 according
to the present embodiment is a system that includes drivers
D1 to D6 for driving six actuators Al to A6 as illustrated in
FIG. 1. The respective actuators Al to A6 can be appropri-
ately selected in order to realize predetermined load driving
desired by a user, and an example thereof includes a motor or
the like that drives respective joints of a multi-joint robot. In
the load control system 1 illustrated in FIG. 1, the drivers D1
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4

to D6 for driving the actuators Al to A6 are disposed so as to
be directly associated with the respective actuators Al to A6.
A biaxial power supply unit PS1 supplies power to the actua-
tors Al and A2 according to a command from the drivers D1
and D2. A biaxial power supply unit PS2 supplies power to
the actuators A3 and A4 according to a command from the
drivers D3 and D4. A biaxial power supply unit PS3 supplies
power to the actuators A5 and A6 according to a command
from the drivers D5 and D6. In this manner, the load control
system 1 including the drivers D1 to D6, the actuators Al to
A6, and the power supply units PS1 to PS3 form aload driving
system 2 according to the present invention. In the embodi-
ment illustrated in FIG. 1, although the power supply units
PS1 to PS3 are provided as a power supply unit of the load
driving system 2, the power supply unit may be provided for
each actuator, and one power supply unit may supply power to
all actuators.

In the load control system 1, a control unit for controlling
the driving of'the actuators Al to A6 is integrated into each of
the drivers D1 to D6 included therein. The control unit is
formed as a dedicated processor or a program or the like
executed by the processor. In the load control system 1, as
illustrated in FIG. 1, the control units mounted on these driv-
ers are daisy-chain connected in series and the control units
can perform controller area network (CAN) communication.
An ID for identifying each driver is set to each of the drivers
D1 to D6, and the ID is stored in the control unit possessed by
the driver. In the present embodiment, IDs (ID01 to ID06) are
set to the drivers D1 to D6, respectively. In the embodiment
illustrated in FIG. 1, the drivers D1 to D6 are daisy-chain
connected in that order, the driver D1 is on the uppermost
stream, and a terminator indicating the end of the connection
is provided in the lowermost driver D6.

Moreover, an external script rewriting device 3 is con-
nected to the load control system 1 so that CAN communica-
tion can be realized. The script rewriting device 3 is con-
nected to a CAN communication line of the daisy-chain
connection, and the connection enables a control script (pro-
gram) for driving the actuators included in the plurality of
daisy-chain connected drivers D1 to D6 to be rewritten. Thus,
when it is not necessary to rewrite the script, it is not neces-
sary to establish the CAN communication connection
between the script rewriting device 3 and the load control
system 1. The script rewriting device 3 is formed as a personal
computer or a microcomputer that executes the script rewrit-
ing program.

FIG. 2A illustrates a functional block diagram illustrating
the functions performed by the control unit of the driver D1
which is a representative driver of the drivers D1 to D6. The
functions represented by the functional blocks are realized by
the program executed by the control unit using hardware such
as processors, input/output ports, memories, or the like
installed on the driver. FIG. 2B illustrates the functional block
diagrams of the control executed by the script rewriting
device 3. The control contents performed by the functional
blocks are realized by various methods such as processors
included in the script rewriting device 3 and programs or the
like executed by the processors.

In the control unit of the driver D1, an input unit 11, an
output unit 12, an ID storing unit 13, a coordinate data storing
unit 14, a script storing unit 15, a script rewrite receiving unit
16, and a program executing unit 17 are formed. The input
unit 11 is a functional unit to which data required for control-
ling the driving of the actuator A1 directly associated with the
driver D1 is input via an input port of the driver D1. In
particular, the input unit 11 is a functional unit to which a
command signal for the actuator A1 is input from the drivers
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(that is, the drivers D2 to D5) other than the driver D1, which
will be described later. Contrary to the input unit 11, the
output unit 12 is a functional unit that outputs a command
signal for driving the respective actuators directly associated
with the drivers (that is, the drivers D2 to D5) excluding the
driver D1 to the control units included in the respective driv-
ers via the output port of the driver D1. Thus, the command
signal output from the output unit 12 included in the control
unit of the driver D1 is input to the input unit 11 included in
the control unit of the other destination driver. The ID storing
unit 13 is a functional unit that stores identification IDs set to
the respective drivers as described above. Specifically, the
identification IDs (for example, ID01 in the case of the driver
D1) is stored in a memory on the driver D1. The coordinate
data storing unit 14 is a functional unit that stores coordinate
data that belongs to a movable range of the actuator Al in
relation to the driving of the actuator Al. A command that
directly designates a destination coordinate of the actuator A1
is prepared in the program in the script storing unit 15
described later, and the coordinate data stored in the coordi-
nate data storing unit 14 is used as a parameter of the com-
mand. In the present embodiment, up to 256 items of coordi-
nate data can be stored in the coordinate data storing unit 14.

Next, the script storing unit 15 is a functional unit that
stores scripts including a program for controlling the driving
of the actuator A1 directly associated with the driver D1 and
the programs for controlling the driving of the actuators (that
is, the actuators A2 to A5) directly associated with the drivers
other than the subject driver in the memory in the driver D1.
Although the details of the scripts will be described later, it
should be noted in the present embodiment that the driver D1
is configured to issue a driving command to actuators directly
associated with the other drivers other than the subject driver.
The script rewrite receiving unit 16 is a functional unit that
receives a rewrite command when the script rewriting device
3 outside the load control system 1 rewrites the scripts. Thus,
as described later, the scripts edited by the script rewriting
device 3 are received by the script rewrite receiving unit 16
together with the rewrite command, whereby the drive control
program (script) stored in the script storing unit 15 is rewrit-
ten. The program executing unit 17 executes the drive control
program (script) stored in the script storing unit 15 to actually
control the driving of the actuators. The program is config-
ured to designate a driving target actuator by the identification
1D of the driver. Due to this, the actuators that are subjected to
the driving control of the program executing unit 17 are all
actuators Al to A6 that are daisy-chain connected.

Although FIG. 2A illustrates the functional blocks of the
driver D1, the other drivers D2 to D6 and a driver according to
the present invention described later also have substantially
the same functional blocks. Thus, in the load control system
1, amutual control communication state in which a command
signal for controlling the driving of an actuators directly
associated with target drivers can be transmitted to all or a
portion of target drivers of the other drivers other than the
subject driver as well as the actuators directly associated with
the subject driver via the input unit and the output unit
included in the control units of the respective drivers is cre-
ated. This mutual control communication state is maintained
regardless of a mutual connection form (for example, a form
in which all of the plurality of drivers is connected in series or
a form in which a portion of the plurality of drivers is con-
nected in parallel to one driver included in the plurality of
drivers) of the plurality of drivers included in the load control
system 1. Thus, the user can create the mutual control com-
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munication state to facilitate system establishment without
paying special attention to the connection order of drivers and
SO on.

Next, the functional units formed in the script rewriting
device 3 will be described with reference to FIG. 2B. A driver
recognizing unit 31, a script editing unit 32, and a script
rewrite unit 33 are formed in the script rewriting device 3. The
driver recognizing unit 31 is a functional unit that recognizes
a driver included in the load control system 1 in a state where
the script rewriting device 3 is connected to the load control
system 1 via CAN communication connection. The driver
recognized by the driver recognizing unit 31 is the target of
the script editing or rewriting of the script rewriting device 3.
The script editing unit 32 is a functional unit that performs an
editing process such as adding, changing, or deleting of the
script stored in the control unit of the driver included in the
load control system 1. Details of the script editing will be
described later. The script rewrite unit 33 is a functional unit
that rewrites scripts by reflecting the script editing performed
by the script editing unit 32 on the scripts stored in the driver-
side script storing unit. The script rewriting is performed via
the CAN communication connection between the script
rewriting device 3 and the load control system 1 and the
daisy-chain connection between the drivers and the input/
output ports of the respective drivers.

Here, driving control of the actuator by the load control
system 1 will be described with reference to FIG. 3. In order
to simplity the description, FIG. 3 illustrates the driving con-
trol of the actuators Al and A2. FIG. 3 illustrates the scripts
stored in the control units of the drivers D1 and D2 and the
point tables stored in the control units of the drivers D2 and
D3. Although FIG. 3 does not illustrate the point table of the
driver D1 and the script of the driver D3, the point table and
the script are not illustrated for the sake of convenience of the
description of the present embodiment, each driver may
include the script and the point table as necessary. The script
is a program group that describes a control program for driv-
ing an actuator in multiple lines. In the embodiment of the
present invention, the control unit of one driver stores up to
eight scripts and each script is configured to include up to 99
lines of control programs. The point table is a table composed
of'a movement position and a movement period required for
the movement when an actuator is driven. In the embodiment
of'the present invention, the point table can include up to 256
combinations of movement positions and movement periods.
The script is stored in the script storing unit 15, and the point
table is stored in the coordinate data storing unit 14.

A script Scl stored in the control unit of the driver D1
illustrated in FIG. 3 is a script composed of seven lines S11 to
S17 of control programs, and a script Sc2 stored in the control
unit of the driver D2 is a script composed of five lines S21 to
S25 of control programs. When the script Scl is executed,
first, in step S11, an activation process is performed. This
activation process is performed on the actuator Al only
directly associated with the processing driver D1. Due to this,
in this activation process, the ID information of the subject
axis of an actuator to be processed or a driver directly asso-
ciated with the actuator is designated. With step S11, the
actuator Al is activated. Subsequently, in step S12, a time-
based relative positional movement process is performed.
The relative positional movement mentioned herein means
relative movement performed based on a present position.
This process is performed on the actuator Al only directly
associated with the driver D1 same as the activation process
described above. Therefore, the time and moving distance
(pulse count) regarding the relative positional movement are
set as the parameter of the process. In the example illustrated
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in FIG. 3, in step S12, a process of moving the actuator A1 by
a distance corresponding to 1000 p (pulses) for a period of
200 ms is performed.

Subsequently, in step S13, a script executing process is
performed. This process is a process for executing the scripts
of the control units of the other drivers as well as the subject
driver (the driver D1 in the case of the present embodiment).
Due to this, the ID of a driver in which the script executed is
stored and the number of the script to be executed, stored in
the driver designated by the ID are set as the parameter of the
process. In the embodiment illustrated in FIG. 3, in step S13,
the script Sc2 stored in the control unit of the driver D2
specified by 1D02 is executed. Subsequently, in step S14, a
standby process is performed. This standby process is a pro-
cess of performing standby without proceeding to the next
step until the pending process (in this case, the process of step
S13) is completed. With step S13, the script Sc2 is executed,
and the process subsequent to step S15 is not performed until
the execution of the script Sc2 is completed.

The script Sc2 will be described briefly. As illustrated on
the right side of FIG. 3, the script Sc2 is composed of five lines
S21 to S25 of control programs. In step S21, a process of
activating the actuator A2 directly associated with the driver
D2 is performed. In step S22, similarly, a time-based relative
positional movement process is performed on the actuator A2
(relative movement by a distance corresponding to 5000 p for
a period of 1000 ms). Subsequently, in step S23, a process
called “Point Go” is performed. The “Point Go” process
involves moving process of an actuator associated with a
driver having a designated ID according to a designated point
table. In this process, since itis possible to designate the other
drivers other than the subject driver by IDs, it is possible to
drive actuators directly associated with the other driver other
than the subject driver according to the point table. Since the
point table is set for each driver, the user can easily understand
the driving state of the actuator directly associated with the
driver and to easily control the driving of the actuator. In step
S23, ID03 which is the ID of the driver D1 and PT1 that
designates the point table stored in the driver D3 are set as the
parameter of the “Point Go” process. In this way, the driver
D2 can control the driving of the actuator Al directly associ-
ated with the driver D1 according to the designated point table
PT1. A detailed form of the point table will be described later.

Subsequently, in step S24, a standby process is performed
until the “Point Go” process of step S23 is completed. When
the “Point Go” process is completed, the flow proceeds to step
S25 to perform a process of deactivating the actuator A2. With
the series of these processes, the driving control of the actua-
tor specified by the script Sc2 is completed. As described
above, since execution of the script Sc2 is activated in step
S13 that is included in the script Sc1 of the driver D1, when
the series of processes of the script Sc2 are completed, the
process of step S15 is performed after it is checked in step S14
whether the operation is completed.

In step S15, the process called “Point Go™ is performed. In
this step, ID02 which is the ID of the driver D2 and PT2 that
designates the point table stored in the driver D2 are set as the
parameter of the “Point Go” process. In this way, the driver
D1 can control the driving of the actuator A2 directly associ-
ated with the driver D2 according to the point table PT2.

Subsequently to step S15, a standby process is performed
in step S16. Thus, the process subsequent to step S17 is not
performed until the “Point Go” process in step S15 is com-
pleted. When a notification of the completion of the “Point
Go” process of the actuator A2 is delivered from the driver D2
to the driver D1, it is determined in step S16 whether the
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operation has been completed, and the process of step S17 is
performed. In step S17, a process of deactivating the actuator
Al is performed.

In the driving control of actuators by the load control
system 1, the driver D1 can control the driving of the actuator
A2 with the aid of the driver D2 connected by the daisy-chain
connection as illustrated in the processes of steps S13 and S15
as well as the driving of the actuator A1l directly associated
with the subject driver. On the other hand, the driver D2 can
control the driving of the actuator A1 with the aid of the driver
D1 connected by the daisy-chain connection as illustrated in
the process of step S23 as well as the driving of the actuator
A2 directly associated with the subject driver. That is, in the
load control system 1, a mutual control communication state
in which a command signal for allowing control units
included in the other drivers other than the subject driver to
control the driving of actuators can be transmitted to the other
drivers is created. In this way, a system is established so that
the respective drivers included in the load control system 1
can control the driving of all actuators. In other words, in the
load control system 1, a master driver that controls the entire
system is not present, and the control of the entire system is
divided and allocated to the respective drivers. Due to this, it
is possible to obviate the control of the entire system to be
concentrated on one driver and to reduce the size of the
control program to be allocated to each driver. Thus, it is
possible to facilitate maintenance such as a change of a con-
trol program and to establish a flexible control program.

Although the drivers D1, D2, and D3 are illustrated in FIG.
3 in order to simplify the description, a mutual control com-
munication state can be created in all drivers connected by the
daisy-chain connection. For example, the driver D1 may con-
trol, via the drivers D4 and D6 or the like, the driving of the
actuators A4 and A6 directly associated with the drivers D4
and D6 with the aid of the drivers D4 and D6. Conversely, the
driver D4 may control the driving of the actuator A1 directly
associated with the driver D1.

Next, the processes of the script rewriting device 3 editing
and rewriting the script stored in the driver will be described
with reference to FIGS. 4 and 5. FIG. 4 is an image of a script
editor interface screen displayed on a display of the script
rewriting device 3. FIG. 5 is an image of an interface screen
for editing a point table illustrated in FIG. 3. When a program
in the script rewriting device 3 is executed in a state where the
script rewriting device 3 is physically connected to the load
control system 1 by “daisy-chain” as illustrated in FIG. 1, an
editor screen illustrated in FIG. 4 is displayed. When a user
presses a “CAN Connect/Disconnect” button B1, the driver
recognizing unit 31 recognizes the drivers connected by the
script rewriting device 3. As a result, the script rewriting
device 3 is electrically connected to the load control system 1.
On the other hand, when the button B1 is pressed in a state
where the electrical connection state is maintained, the con-
nection state is removed so that a state where the script rewrit-
ing device 3 cannot perform electrical processing on the load
control system 1 is created.

Here, the processes of the script rewriting device 3 editing
and rewriting the script will be described assuming that the
electrical connection state is maintained. Here, a region B2 is
aregion for selecting an ID assigned to the driver included in
the load control system 1. Thus, in the present embodiment,
1D01 to ID06 can be set. Moreover, a region B3 is a region for
selecting a script stored in the driver selected in the region B2.
In the present embodiment, since each driver stores up to
eight scripts as described above, scripts of the numbers 1 to 8
can be selected in the region B3. When a button B4 is pressed,
script information corresponding to the driver and the script
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selected in the regions B2 and B3 is read from the script
storing unit 15 included in the control unit of the driver. The
read script information is displayed in a script display region
B7. The script display region B7 is a region for displaying the
script information so as to be easily understood by the user
and allowing the content thereof to be edited. Thus, the script
information editing process in the script display region B7
corresponds to the editing process of the script editing unit 32.
Moreover, it is necessary to press a button B5 in order to write
the script edited in the script display region B7 to the script
storing unit 15 included in the control unit of a predetermined
driver, which will be described later. The script writing pro-
cess realized by pressing the button B5 corresponds to the
rewriting process of the script rewrite unit 33 because the
script presently stored in the script storing unit 15 is rewritten
by the script rewrite receiving unit 16 of a driver (the driver
selected in the region B2) in which writing is designated.

Moreover, a monitor region for monitoring an operation
state such as an operation speed or an output current of an
actuator directly associated with the driver selected in the
region B2 is provided above the script display region B7. This
monitor region is useful for monitoring whether the actuator
is driven as intended according to the edited script. The opera-
tion of the script can be checked by pressing a script operation
button provided in a region B11. The numbers displayed in
the script operation button correspond to the numbers 1 to 8 of
the scripts stored in the respective drivers.

Next, the script display region B7 will be described in
detail. The script display region B7 displays information on
the selected script in a line number region B8, an operation
type region B9, and an operation data region B10. On the
selected line, the user can select the type of operation to be
executed by the actuator in the operation type region B9 and
input data (parameter) required for the selected operation
type in the operation data region B10. Examples of the opera-
tion type selectable in the operation type region B9 include
the activation process, the time-based relative positional
movement process, the script executing process, the standby
process, and the “Point Go™ process illustrated in FIG. 3 as
well as various processes useful for driving actuators. More-
over, although the data input in the operation data region B10
is different depending on the operation type selected in the
operation type region B9, for example, when the script
executing process is selected, the ID of the driver having a
script to be executed and a script number for specifying the
script stored in the driver are input as the parameter required
for the process. Moreover, when the activation process or the
standby process is selected in the operation type region B9, it
is not necessary to input data in the operation data region B10.
Inthis manner, the user can input the driving state required for
the actuator in the script display region B7 according to the
processing order through the editor and rewriting screen illus-
trated in FIG. 4 and to easily write the script information as
the script of the driver designated by the button B5.

Here, a “Point Data” button B12 is provided on the top right
corner of the screen illustrated in FIG. 4. When the button B12
is pressed, information on the point table used in the “Point
Go” process, stored in the driver selected in the region B2 is
displayed (see FIG. 5). FIG. 5 illustrates an example of an
interface screen for editing the point table stored in the ID01
driver D1, and this screen includes a read button C1, a write
button C2, a point select region C3, and a table display region
C4. When the read button C1 is pressed, the information (a
movement position and a period required for the movement)
on the point table stored in the designated driver is displayed
again in the table display region C4. When the write button C2
is pressed, the information on the point table displayed and
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edited in the table display region C4 is rewritten to the coor-
dinate data storing unit 14 included in the control unit of the
designated driver. A point to be focused is selected in the table
display region C4 with the aid of the point select region C3,
and the selected point can be edited in the table display region
C4. In the present embodiment, since the largest number of
points of the point table is 256, points 1 to 256 can be selected
in the point select button. In this manner, the point table stored
in the driver can be edited and rewritten by the script rewriting
device 3 similarly to the script.

As described above, in the load control system 1 according
to the present embodiment, the scripts and the point tables are
stored in the respective drivers so that actuators of all axes can
be controlled. Since the editor and rewriting interface illus-
trated in FIGS. 4 and 5 is prepared in the script rewriting
device 3 in relation to the driver having such a configuration,
the user can easily edit and rewrite the script and the point
table.

Second Embodiment

Next, a second embodiment of the present invention will be
described with reference to FIGS. 6 and 7. In the present
embodiment, in the load control system according to the
present invention, a control unit included in each of a plurality
of drivers included in the system is formed such that, when
one of a plurality of drivers included in the system is replaced
with another driver, and the other driver excluding the
replaced driver among the plurality of drivers outputs the
same command signal as the command signal for the replaced
driver to the other driver which is a replacement driver, the
load driving element directly associated with the other driver
which is the replacement driver executes the same predeter-
mined operations as the load driving element directly associ-
ated with the replaced driver.

Specifically, the present embodiment is a case where the
first embodiment is applied to a robot having an end effector.
FIG. 6 is a diagram illustrating a schematic configuration of a
robot 20 according to the present embodiment. The robot 20
includes arm members .1, .2, and L.3 connected in that order
by joint portions P1 and P2 and an end effector E1 attached to
a distal end of the arm member [.3 by a joint portion P3.
Moreover, actuators A1, A2, and A3 for driving the respective
joint portions are attached to the joint portions P1, P2, and P3,
and an actuator A4 for opening and closing the end effector
E1 is attached to the end effector E1. A specific structure for
allowing the respective actuators to transmitting driving force
to the arm members and the end effector is known in the
related art, and description thereof will not be provided. In the
robot 20 configured in this manner, the load control system
according to the present invention can be applied to control
the actuators Al to A4, and the connection state of the drivers
directly associated with the respective actuators when the
load control system is applied is illustrated in FIG. 7.

FIG. 7 illustrates a state where the drivers D1 to D4 directly
associated with the actuators Al to A4 are daisy-chain con-
nected so that CAN communication can be realized. Since the
load control system according to the present invention is
applied to the robot 20, it is not necessary to provide a so-
called central control device that serves as a master controller
for controlling the entire robot 20 as shown in the first
embodiment, and scripts (programs) for controlling the robot
20 can be distributed to the respective drivers D1 to D4. For
example, a script for controlling the actuator A1 is disposed in
the driver D1, and a script for controlling the actuator A4
opening and closing of the end effector E1 is disposed in the
driver D4. Moreover, a script for executing the script for
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controlling the opening and closing of the end effector E1
included in the driver D4 using the script executing process
described with reference to FIG. 3 is disposed in the driver
D1. Further, a command signal for driving the end effector E1
and the other actuators may be transmitted from the other
drivers D2 and D3. With this configuration, the distributed
control described in the first embodiment can be realized.

Here, IDs are assigned to the drivers of the present embodi-
ment in such a way that ID01 to ID03 are assigned to the
drivers D1 to D3 similarly to the previous embodiment and
1D10 is assigned to the driver D4. In the robot 20, the end
effector attached to the joint portion P3 can be replaced
according to the purpose. That is, in the embodiment illus-
trated in FIG. 6, the end effector E1 can be replaced with an
end effector E2. The end effector E2 has the same opening and
closing structure for gripping as the end effector E1 from the
perspective of gripping an object and further has a camera C1
mounted thereon in order to allow more accurate gripping
control. A driver of the camera C1 directly associated with the
camera C1 is daisy-chain connected to the driver D5 directly
associated with the actuator A5 for opening and closing the
opening and closing structure as a driver D6 so that CAN
communication can be realized. Moreover, the ID assigned to
the driver D5 is ID10 which is the same ID as that assigned to
the driver D4 and the ID assigned to the driver D6 is ID11
which is the same ID as that assigned to the driver D6. Further,
a script for controlling the actuator A5 opening and closing
the end effector E2 is disposed in the driver D5 similarly to the
driver D4. Furthermore, a script for accurately controlling the
positioning of the end effector E2 according to the input from
the camera C1 is disposed in the driver D6. As a result, for
example, rough positioning of the end effector E2 is executed
based on the command signals from the drivers D1 to D3, and
after that, accurate positioning of the end effector E2 is
executed based on a command signal from the driver D6.

In this manner, the end effector used can be switched
between the end effectors E1 and E2 according to the usage of
the end effector. When the end effector E1 is replaced with the
end effector E2, and the driver D4 connected to the driver D3
is changed to the drivers D5 and D6, the same ID may be
assigned to the drivers D4 and D5. Thus, it is possible to
operate the robot 20 without greatly changing the control
script for allowing the end eftector E2 to grip an object. That
is, since the script for instructing the opening and closing of
the end effector E2 is disposed in the driver D1, it is possible
to execute a script for controlling the opening and closing
disposed in the driver D5 using the script. Moreover, since the
script for accurate positioning of the end effector E2 is dis-
posed in the driver D6, accurate positioning can be controlled
by performing the replacement. In addition, it is not necessary
to substantially edit the scripts on the drivers D1 to D3.

By applying the load control system according to the
present invention to the robot 20 in this manner, even when
the end effector is replaced, it is not necessary to edit the
control script for controlling the gripping of an object too
much. Thus, the user’s convenience is improved. This is
because the control script for gripping control is appropri-
ately distributed to the respective drivers.

Other Embodiments

Although the above embodiments illustrate an example in
which the load control system according to the present inven-
tion is applied to a robot, the load control system can be also
applied to housing as other embodiments. Examples of equip-
ments of a house include a shutter, a blind, a window, and a
locking device. By opening, closing, locking, and unlocking
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these equipments using actuators such as motors, the safety
and convenience ofthe house can be improved. In such acase,
by connecting the drivers of the respective actuators by a
daisy-chain and distributing the control script to the control
units of the respective drivers, the same advantages as the
advantages of the first and second embodiments can be
obtained. That is, so-called intelligent housing (automated
control using electrically powered equipment) can be realized
with easy maintenance.

REFERENCE NUMERALS

1: Load control system

2: Load driving system

3: Script rewriting device

Al to A6: Actuator

D1 to D6: Driver

PS1 to PS3: Power supply unit
20: Robot

The invention claimed is:

1. A load control system comprising:

a plurality of drivers provided correspondingly to a plural-
ity of actuators in order to control driving of the respec-
tive actuators for driving loads, each of the plurality of
drivers including a control unit that controls the actuator
directly associated with a subject driver and generates a
command signal for controlling the driving of an actua-
tor directly associated with all or a portion of other
drivers in the plurality of drivers excluding the subject
driver, the respective drivers being electrically con-
nected to one another; and

amutual control communication state, in which the control
unit of each of the plurality of drivers transmits to the
control units of the all or the portion of other drivers in
the plurality of drivers excluding the subject driver the
command signal for controlling the driving of the actua-
tor directly associated with the all or the portion of other
drivers,

wherein the control unit of each of the plurality of drivers
is formed such that, when one of the plurality of drivers
is replaced with a replacement driver, and another one of
the plurality of drivers excluding the replaced driver
generates to the replacement driver the same command
signal as the command signal for the replaced driver, the
actuator directly associated with the replacement driver
executes the same predetermined operation as the actua-
tor directly associated with the replaced driver.

2. The load control system according to claim 1, wherein

the mutual control communication state is maintained in
the load control system regardless of a form of mutual
connection among the plurality of drivers.

3. The load control system according to claim 2, wherein

in the load control system, all of the respective drivers are
connected in series or a portion of the plurality of drivers
is connected in parallel to one driver included in the
plurality of drivers.

4. The load control system according to claim 1, wherein

in the load control system, all of the respective drivers are
connected in series or a portion of the plurality of drivers
is connected in parallel to one driver included in the
plurality of drivers.

5. The load control system according to claim 1, wherein
the command signal for the actuator directly associated with
the all or the portion of other drivers in the plurality of drivers
originates from a script that is executed by the control unit of
the subject driver.
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6. The load control system according to claim 5, wherein
the script uses a point table including an ID for each of the
plurality of drivers, and the script includes a command that
controls the actuator directly associated with one or all of the
plurality of drivers other than the subject driver using the ID
from the point table for said one or all of the plurality of
drivers other than the subject driver.

7. The load control system according to claim 1, wherein
the control unit of each of the plurality of drivers executes a
script to generate the command signal for controlling the
driving of the actuator directly associated with the all or the
portion of the other drivers, and

wherein the control unit of the another one of the plurality

of drivers executes the same script as before said one of
the plurality of drivers is replaced with the replacement
driver to drive the actuator directly associated with the
replacement driver after said one of the plurality of driv-
ers is replaced with the replacement driver.

8. The load control system according to claim 7, wherein
the script uses a point table including an ID for each of the
plurality of drivers, and the script includes a command that
controls the actuator directly associated with one or all of the
plurality of drivers other than the subject driver using the ID
from the point table for said one or all of the plurality of
drivers other than the subject driver.

9. A load driving system comprising:

the load control system according to claim 1;

the plurality of actuators corresponding to the plurality of

drivers included in the load control system; and

a power supply unit that supplies power to the plurality of

actuators.
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